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In the Office Action, claims 7-10 were withdrawn from 
consideration toy the Examiner as being directed to a non-elected 
invention as stated in tlie Office Action. Applicant notes the 
previously proposed drawing corrections are approved and new 
corrected drawings will be filed in due course. 

■me substitute specification and the abstract were objected to 
because of a failure to submit the marked-up versions. The 
substitute specification contains no new matter. The substitute 
specification meets the formal objections. The marlced-up versions 
are enclosed herewith. Accordingly, it is believed that the 
substitute specification and abstract should be entered. 

Claims 1-6 were rejected under 35 USC 112, first paragraph, as 
containing subject matter whicH was not described adecjuately in 
the specification as set forth in the office Action. Claims 1-6 
were rejected under 35 USC 112, second paragraph as being 
indefinite for the reasons stated in the Office Action. 

Claims 1-6 were rejected under 35 USC 102(b) as anticipated by 
Kobayashi et al US 5,853,328 on the grounds set forth in the 
Office Action. Claims 4-6 were rejected under 35 USC io2 (b) as 
anticipated by Parker, US 2,124,006 for the reasons stated in the 
Office Action. Claims 4-6 were rejected under 35 USC 102(b) as 
ajxticipated by Hendrickson, US 1,149,762 on tne grounds set forth 
in the Office Action. Claims 1-6 were rejected under 35 USC 
102(e) as anticipated by Pritschow et al, us 5,916,328 for the 
reasons stated in the office Action, Claims 1-6 were rejected 
under 35 USC 102(a) as anticipated by chinzei et al, "MR 
Compatilile surgical Assist Robot" on the grounds set forth In the 
Office Action. 
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Recono iteration of tHese irejectlons io requested ±n view of the 
amencatneiit ancl the argument herein - 

in the matter o£ the restriction requirement applied to the newly 
suhmitted claims 7-lo, the poaition of the Examiner is not fully 
understood. The Examiner's rationale is based on a possible use 
of the product of claims 1-6 which differs from the use of the 
method of claims 7-10. The Examiner is correct in his suggestion 
of torque transmission. In fact, there may be further uses such 
as the stirring of liquid food products/ as a hammer for banging 
on a drum to maKe music, and as prop in a teaching of mechanical 
engineering * 

It appears that the Examiner has not considered the use and 
function of the device of claims 1-6 that is actually set forth 
in the preambles of the claims 1 and 4, namely, to establish the 
position of a bearing, and to establish the direction of an arm 
segment extending from the bearing. The preambles of claims 7 
and 9 teach establishment of the position of a bearing, and the 
establishment of the direction of an arm segment extending from 
the bearing. Clearly the preambles of claims 1 and 4 are in 
agreement with the preambles of claims 7 and s . 

trpon comparing the second paragraphs of the foregoing claims, it 
is noted that they agree with respect to the attachment of 
bearings to a rod, and that the bearings *can change their 
relative positions. The third paragraphs of the foregoing claims 
similarly agree on the teaching of motion and of travel of the 
bearings . 

with so mucli agreement set forth In the claims. It appears to be 
unfair to suggest uses outside of the teachings of the claims to 
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defeat blie unity of invention wHicli appears to be present, baaea 
on a readingr of the claims. Reconsideration of tlie restriction 
and of ttie action of withdrawal of the claims is requested. 

In the matter of the rejections of the claims under 35 USC 112, 
first and second paragraphs, the claims have heen amended to 
restore much of the previous wording of the claims . This is 
believed to meet points raised by the Examiner. Also the claims 
have been edited to set forth both apparatus and method aspects 
of the invention. in the event that the Examiner maintains the 
status of withdrawal of claims 7-10, possibly the Examiner will 
regard all of claims 1-6, including both the method and the 
apparatus claims, as being directed to the same invention. 

with respect to the rejections under 35 USC 102, the following 
argument is presented to overcome these rejections to secure 
allowance of the claims* 

The present invention relates to linlc mechanism for determining 
the position (X^, Y^, ) and the direction (angles B, Cf>) of the 

axial rod R by giving the bearing or support PI the positions Xi, 
Yl and Zi, and the bearing or support P2 the position X2 , and 
Z2 • The object to be determined the position and direction is 
the axial rod R3, neither PI nor P2 . The bearing or supports (Px/ 
P2) support the axial rod R which are not supported by the axial 
rod. 

The relation between relative position X* = (X2 ^ Xx) , 

Y* = (Y2-Yx) / and = (Z2 - Zx) / and angle 0 is derived from 
the solution of following ecjuations. 
X* = Y cos ^ sin e 
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y = Y sin Ct> sin 6 
Z ' = Y cc>s © 

Therefor, lay locating into new position x^^ Y^. ^X' e^^d locating 
P2 into new position X2 Y2 ^2 tiie new position Xi Zj, an<a new 

angle ©, c|> of the axial rod are realized. to acliieve this 
movement of the axial rod, the link mechanism 1 constrncted as 
helow . 

The representative three-dimensional coordinates (x y z) of the 
whole link: mechanism 1 (i.e. axial rod are determined from the 
position of the spherical bearing driven by the driver, and at 
the same time, the direction (angles 6 and (\>, ) of the axial rod 
R is determined from a motion of the spherical bearing P2 driven 
by the driver relative to the spherical bearing Pi- The axial 
rod R is fixed to the inner wheel 2 or outer wheel 3 of the 
spherical bearing P^ 12. Thus the direction (angles 6 and <p) of 
the axial rod R is determined from a motion of the spherical 
bearing or support P^ and P2 - The spherical bearings P^ and Pg 
are driven by drivers (not shown) passively. 

This mechanism can be used in a robot to determine the position 
and direction of the robot arm, as a example. 

(1) The most distinctive feature of the present invention is 
that, its input is the positioning of the two supports (e.g., 
spherical bearings) and the output is the position and direction 
of the said axial rod. While, the previous arts pointed out by 
the Office Action were either of 

1} a rod is used to constrain position and/or motion of spherical 
bearings, in other words, the output is the position and/or 
motion of the bearings (5,853,328, and 3.^3.49,762) 
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2) a rod ±s used to as an output, however it is not to define ita 
position and direction ratlier to stabilize the rod (iTP6l -201918 ) , 

3) the position of a rod is not used as an output directly 
(4, d06 , 068) . 

Thus, each/ of cited documents neither discloses nor suggests the 
method and mechanism of the present invention. £7ext/ follows 
discussions of the respective references. 

(2) Kohayashl relates to a power transmission device and a 
constant velocity universal joint to absorb vibration or movement 
of the engine of the automobile. Though Kobayashi has a inner 
and outer member which are movable axially relatively to each 
other / Kobayashi does not have two spherical bearings which can 
travel, the motion of one of which relatives to said axial rod 
along the axis is constrained, and the other of which can travel 
along said axial rod. 

(3) MiyaJce relates to bearing apparatus having rotating axis and 
two bearings supporting the rotating axis on the both end of it. 
TWO bearings can not travel. The rotating axis of Miyake should 
be held in the fixed its home position as its native function and 
it is not the object to travel and determine its position and 
direction. 

(4) Tampier relates to a transmission mechanism having rotating 
axis and two bearings supporting the rotating axis on the both 
end of it. Two bearings can not travel. The rotating axis of 
Tampier should be held in the fixed its home position as its 
native function and it is not the ol>ject to travel and determine 
its position and direction. 
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bearings 24 can not travel- Tlie sHaft of Kohl± et al sliould l^e 
held In the fixed its home position as its native fxonction and it 
is not the object to travel and determine its position and 
direction- 

(6) Parker relates to gage supporting arm system for dial test 
indicator having an axial rod 24 and two supports 20, 21 and 27. 
But the supports 2 0 does not support the axial rod 24 and the 
axial rod 24 is not the object to travel and determine its 
position and direction. 

(7} Pritschow et al relates to device for moving a body in space 
having a rod- shaped body and two bearings P,P' wherein one of end 
points of rod body serves for positioning the rod body in the 
space and other end point of the rod body determine the 
orientation of the rod body. But Pritschow does not teach that 
the position of the bearing P' relatives to the position of the 
bearing P. 

(8) Cited Chinzei et al, "MR Compatible Surgical Robot" had been 
issued Oct- 11, 2000 after the priority date of the present 
invention that is 13/01/2000. Applicemt relies on the priority 
date and, accordingly, this reference should not serve as a basis 
for rejection of the claims. 

In the event there are further issues remaining the Examiner is 
respectfully requested to telephone attorney to reach agreement 
to expedite Issuance of this application. 

All of the claims are believed to be allowable in view of the 
foregoing argument. 

i 
t 
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Since tiie present claitnB set fortli tlie px-esent Invention 
patentat>iy emd distinctly, and are not taught by tlie cited, art 
eitHer talcen alone or in combination, this amendment is believed 
to place tiiia case in condition for allowance and the Examiner is 
respectfully requested to reconsider the matter, enter this 
amendment, and to allow all of the claims in this case. 

Respectfully submitted, 
Kiyoyulci Chinzei 


by:. 


MARTIN 'A! FARBER 
Attorney for Applicant 
Registered Representative 
Registration No. 22,345 

CBRTIFTCATE OP FACSIMTLB TRANSMISSION 

I hereby certify that the accompanying Amendment upon Final 
Rejection pnd Submission of Formal Drawings are being facsimile 
transmitted^/ to the Patent and Trademark Office on May 2, 2003. 


Signed by ^Martin A. Farber 

Dated: May 2, 2 0 03 

356 United Nations Plaza 
New YorJc, NY 10017 
(212) 758-2878 
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LINK MECHANISM TO [DBTERMEJ DETERMINE THE POSITION JVND DIRECTION 

BACKGROUND OP THE INVENTION 

a) Field of tlie Invention 

Tlae present invention is a link meclxanism to determine a 
position and direction in three dimensional space. Such a link 
mectianism is applicable to determine tlie position and direction 
of a surgical assist apparatus, an end effector of a robot 
(manipulator) or the like, 

b) Description of the Related Art 

In MR/T (magnetic resonance and therapy), fusion of 
diagnosis and treatment, it is necessary that the presence and 
function of a [medial) medig^ equipment do not generate 
artifacts (such as noises and ghost) on the image. The mutual 
influence between a medical e<2uipment and mri is called MR 
compatibility - 

Surgical assist robots are [promising] expected to be used 
in MR/T^ However, since robot mechanism generally uses many metal 
components such as steel components, electromagnetic motors, 
electric sensors and the like, it has been difficult to realize 
MR compatibility. In particular, the end effector, which Is used 
near [atl ^ a patient, [are] ia required to have a very small 
magnetic susceptibility and low electrical noise radiation, it is 
therefore difficult to use a complicated mechanism, active 
mechanical elements such as motors, and various types of sensors. 

tJnder such restrictions, surgical assist robot for MR/T must 
realize a mechanism to eatabliah. fo-r a robotlg ajrm aeam^ri^, 
[determine] at least the position (x y z orthoaoTi al coo^r^lrt^^hi^a ^ 
and angles 9 and Cf) (measured from the cente r of a coordinate 

-2- 

.Received from < 2127582913 > at 5/2/03 6:57:46 PM [Eastern Daylight Time]. ._ 


SENT BYtXerox Telecopier 7021 ; 5- 2-03 ; 6:05PM ; 


21275829T3-^ 


USPT0;#15 


a^^g SVst;gTn as. reapectivelv. azlTnufcH and elfivabloTi}^ to define 
tHe direction in [3] i;Jires-<i±mensioiial space, xt is also desired 
that the end effector is cleanable and sterilizable , The end 
effectODT is al30 rec^uired bo be simple and compact so as not to 
[intercept] int;err\vpfe the view field and the work area of the 
surgeon- in addition, the output power of ^ actuator should he 
as small as possible to maintain safety. 

There are many conventional mechanisms to define the 
position (ii^ terms of the coordinate axea x y z) and angles 9 and 
Ct> . A typical example of such mechanisms is ^ arm type robot* 

The arm type robot uses a number of arm llnJcs Interconnected by 
joints. 

The arm type robot usually has actuators at the joints^, 
otherwise it employs wire mechanism, shaft, and so on to transmit 
the driving power. The actuator [is] makes it difficult to 
maintain MR compatibility, and [cannot maintain] inhiblta 
cleaning and sterilization unless a water-proof process is 
performed strictly. Since the transmission mechanism is composed 
from many parts and la mechanically complicated, [the power loss 
can be significant.] ifi, requires a number of power transmission 
components so that it is mechanically complicated and a power 
loss cannot be neglected, 

A parallel link mechanism, typically a hexa pod type robot, 
can be designed to place actuators remotely from the end 
effector. However, since links ajre concentrated near to. or at 
the end effector, the mechanical structure is complicated. 

By designing the end effector [being long] to be lengthy , it 
may be MR compatible, cleanable and sterilizable . 
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In tills case, however, its precision is ^egraaed ana 
stronger actuators are required, Sucli an enol effector can be 
complicated and bulky, and consecjuently [intercept] int^r-irnph, 
tlie view field of the surgeons. 

XJnder such circumstances, [the] ^ link mechanism to 
determine the position and angles [have] has long been desired, 
which mechanism has a high precision of position and angle 
determination, does not require strong actuators^ and is 
mechanically simple [and easy to] for enahi H MR compatibility, 
cleaning and sterilization. 

STJMMARY OF THE INVENTION 

The invention has been made [under] to aQoo mmodate such 
circumstances. The object of the present invention is to realize 
a link mechanism for determining the position and angles for ati 
ftgtUS-tor, which mechanism has a high precision of position and 
angle determination, does not require strong actuators, and is 
mechanically simple [and easy] to acoommodal;^ MR compatibility, 
cleaning and sterilization, and in which an end effector does not 
[intercept] interrupt the field of view of the surgeon. 

To achieve the above object, the invented link mechanism has 
the following features: an axial rod; and two spherical bearings 
to support the axial rod, the two spherical bearings being 
capable of changing positions of the links r>f ^■> le mechanism , 
wherein the motion of one of the two spherical bearings relative 
to the axial rod along the axis of the ^rctS is constrained, and 
the [an] other pf the twg> spherical bearings can travel along the 
axial rod R. 
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BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 is a perspective view of an [irapretnentation] 
implement, at ion o£ an end effector of a robot, in accoardancQ with. 
a link meciianiBm based on this invention. 

Figure 2 is a front view of the link mechanism of the 
embodiment * 

Figure. 3 is a diagram illustrating the motion of spherical 
bearings . 

Figure. 4 is a diagram showing a relation among the 
positions and directions of spherical bearings Pi and P2 and an 
axial rod R, 

DBTAIXi&D DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment o£ the invention will be described with 
reference to the accompanying drawings , 

In Pig. 1, reference numeral 11 generally represents a robot 
end effector. A link mechanism of the invention is aaaembled in 
this robot end effector 11. The end effector 11 nas a pair of 
elongated arms 12 and 13 . This pair of arms 12 and 13 
cooperatively maneuver to work on a subject* The base portion 14 
of the arm 12 is fixed to the outer wheel [3} ^ 3 ( 1 ) or the inner 
wheel [2] j^2(i), shown in Fi.qe^> 2 and 3> of the spherical bearing 
Px of the link mechanism X of this invention to be described 
later, whereas the base portion 15 of the other arm 13 is fixed 
to the outer wheel E3] ^3 f2) or the inner wheel [2] jt2 (2) of the 
spherical bearing P2 • 

AS shown in Figures. X, 2 and 3, the link mechanism l of 
this invention is composed of two spherical bearings Pi and P2 
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and an axial rod R which is a rigid element interconnecting th© 
spherical bearings and , 

The spherical bearing travels in three dimensional space 
(or in a partial space thereof) , whereas the position of the 
spherical bearing is constrained in three dimensional space or 
Ijp, a two-dimensional plane (or in a partial space or plane 
thereof) relative to the spherical bearing Pi. 

Each of the spherical bearings P^ and P2 is composed of the 
inner wheel [2] ^fi). jafa) irQapeGtlveiv and the outer wheel [3] 
^3(1). j[3f2) respectively. The inner and outer wheels [2] ^2 (j^) 
and [3] ^.^3(1) of the bearing P^. and similarly for the bearing 
R2u~ share [the] a common centroid so that they [relatively] 
rotate relative to each other arovmd this point- It is a common 
specification of widely available spherical bearings. The axial 
rod R is fixed to the inner wheel [2] j j^2 ( 1 ) or outer wheel [3] 

of the spherical bearing p^ which wheel is not fixed to the 
arm 12. The axial rod R is fixed neither to the inner wheel [2] 
(^) nor to the outer wheel [3] . ^3 f2) of the spherical bearing 
P2. The spherical bearing P2 can therefore slide along the axial 
rod R as [P2] S .2 moves. 

This link mechanism 1 can be made of only passive mechanical 
elements. Although sensors are not essential to determine the 
position and angles, such sensors may be used. 

The spherical bearings Px and P2 are driven by drivers (not 
shown) . Such drivers and a method of determining the positions of 
the spherical bearings p^ and Pg may be any desired drivers and 
method . 
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The determination of the position an<a direction of the axial 
rod R of the link mechanism 1 constructed as above is [as the 
following] accompliahed as f ollowa . 

The representative three-dimensional coordinate (x y z) of 
the whole lin3c mechanism 1 is defined by the position of the 
spherical bearing Px, and at the same time, the direction (angles 
B and <p of the axial rod R is determined from a motion of the 
spherical bearing P2 relative to the spherical bearing Pi- 

As the spherical bearing P2 is driven, it has a relative 
displacement, along of the axial rod R. To allow this 
displacement, it is necessary that the spherical bearing P2 can 
slide along the axial rod R. 

Figure 4 is a diagram showing relation of the spherical 
bearings P^, P2 and the axial rod R in terms of their position 
and direction. The angles 4> and e of the polar coordinate system 
satisfy the following equations: x' = r cos <t> sin G 


r sin 0 sin e 
r cos e 


where 



x» 


^2 

Y2 


whereli^ 

r; dist^iige Ip^twee^ Pj. Mn^^o on the axis R 

352 = CQOrdinane value of Po on the ^ a^c^ ia of xvar cooy^iTia^^ 

<?0<gFdinfHr,e Y^m^ of on the v axis of jcviz Q O Q:rdin^f^ 

CQ03r<ainate value of Pjd on the z ajcla of jcva coordintQ 
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Ct>: angle Qf R measured from y ^ ^ ±3 o£ v-z plan^ 

THe lengtn of the axial rod R should be longer than the 

maximum length of r. 

Xn practice, the width of the spherical l^earings Pi and 

along the axial direction is additionally required, zf r toecomes 

longer than the length of the axial rod R, the spherical bearing 

P2 is dismounted from the axial rod R. 

The linJc mechanism of this invention can be composed from 

substantially only two spherical bearings and one axial rod. 
These components can be made of paramagnetic material having 
small magnetic susceptibility, such as ceramics, glass fiber 
reinforced material, carbon fiber reinforced material, wood, and 
non-ferrous metal. Active mechanical elements and sensors are not 
essential. This link mechanism [can be] has excellent 
Char^Ctey i Btiyq in MR compatibility, and la ^^^ir^.'-Ly detachable, 
cleanable and sterilizable , 


Received from < 2127582913 > at 5/2/03 6:57:46 PM [Eastern Daylight TimeJ-- 


i> ^ 0'' 

SENT BY:Xerox Telecopier 7021 : 5- 2-03 ; 6:08PM ; ^ 2127582913-^ USPT0;#21 


USA Patent Application 
Kiyoyu]c± Chinzei 
Serial Nq . : 09/749,125 
Filed: December 26, 2000 
IjIitk mechanism to determine 
the position and direction 
Examiner; Greg Binda 
Group art iinit.- 3 6 79 


ABSTRACT OF THE DISCIjOSURB 


A link mechanism to eetablisli the position of a spherical 
bearing and the direction of an arm extending from the bearing is 
provided, which mechanism has a high precision of position and 
direction determination, does not requirq^ strong actuators, and 
is mechanically si,;nEjle' easy to accommodate MR compatibility^ to be 
cleanable and to be sterillzable . Th^ link mechanism has: an 
axial rod; and two spherical bearing/ to support the axial rod, 
the two spherical bearings being capable of changing relative 
positions, wherein the motion of one of the two spherical 
bearings relative to the axial rod along the axis is constrained, 
and the other of the spherical bearings can travel along the 
axial rod. 
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